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COMPLETE SPECIFICATION. 



Composition to be Applied to Skin and Process for Preparing Same. 



We, Foster -M ilburn Company, a cor- 
poration organized under the laws of the 
State of New York, United States of 
America, of 468, Dewitt Street, Buffalo 13. 
State of New York, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us. and the method by which it is 
to be performed, to be particularly described 
m and by the following statement: — 

This invention relates to compositions to 
be applied ^ to the skin of humans and 
domestic animals and having increased per- 
cutaneous absorption through and retention 
in the skin and a process for producing such 
compositions. 

More particularly, this invention is 
directed to a preparation for increasing the 
percutaneous absorption and cutaneous re- 
tention in the stratum corneum of stable, 
topically active, chemical compounds and a 
process for preparing the same. 

The epithelial layer of human skin, also 
referred to as the epidermis, protects the 
25 more delicate underlying portions of the 
human body from chemical irritation, 
bacterial attack and other various harmful 
external conditions. The outer or surface 
division of the epidermis, called the stratum 
corneum or homy layer, acts as the barrier 
to penetration of external substances into 
the body. While it is essential to human 
health that this relatively impermeable 
barrier be maintained as such, instances arise 
where an increase in skin penetration by a 



10 



15 



20 



30 



35 



selected chemical compound is highly desir- 
able, as for example in the treatment of sub- 
cutaneous inflammation. 

Various methods for increasing the per- 
meability of the skin have been disclosed. 40 
Increased penetration of the epidermis has 
been achieved by occlusion of the skin with 
metal guards or plastic wraps. Tempera- 
ture increases have enchanced the absorp- 
tion of oxygen and methyl salicylate. In- 
creases in skin temperature and the relative 
humidity of the adjacent atmosphere have 
resulted in increased penetration of water 
vapor and other substances through the skin. 
Hydration of the skin through water soak- 
ing, for example, has resulted in as much 
as a twelve fold increase in penetration. 

While it is not known why the stratum 
corneum or horny layer acts as such an 
effective barrier it could be said as a general 
rule, until now. that the vehicle in which a 
given chemical compound was dissolved or 
solubOized in had little or no effect on the 
skin penetration rate of the compound. 

Li accordance with the invention there is 60 
provided a process for producing a com- 
position to be applied to the skm and hav- 
ing increased percutaneous absorption 
through and retention in skin as hereinafter 
defined which comprises solubHizing a stable* 
topically active beneficial chemical com- 
pound as hereinafter defined in a phar- 
maceutically acceptable vehicle having as 
one component an amide having the struc- 
tural formula: 70 
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R J — C— N< 
R 3 

wherein R 1 is a hydrogen or methyl radical, 
R= is a hydrogen or alkyl radical containing 
not more than 2 carbon atoms; and R is 
5 an alkyl radical containing not more than 
2 carbon atoms. 

The invention further provides a composi- 
tion to be applied to the skin and havmg 
increased percutaneous absorption through 

10 and retention in skin comprising a stable, 
topically active chemical compound which is 
an anti-acne agent, an anti-inflammatory 
agent, an anti-cholineric, an emollient, 
a sex hormone, a crude tar, an 

15 anti-psoriatic agent or an anti- 
metabolite, solubilized in a pharmaceutic- 
ally acceptable vehicle having as one com- 
ponent an amide having the structural 
formula: 

O 

20 II R 3 

Ri_C— N< 
R 3 

wherein R 1 is a hydrogen or methyl radical. 
R 2 is a hydrogen or alkyl radical containing 
not more than 2 carbon atoms; and R is 
an alkyl radical containing not more than 2 

25 carbon atoms. 

Illustrative of the amides which may be 
utilized in the process of this invention are 
N,N-dimethyl formamide. N-methyl form- 
amide. N,N-diethyl acetamide, N^thyl 

30 formamide, N-ethyl acetamide, N,N- 
diethyl acetamide, N,N-dimethyl acet- 
amide and N-methyl acetamide. The 
preferred amides are N,N-dimethyl form- 
amide, (DMF), N,N-dimethyl acetemrde 

35 (DMA) and N,N-diethyl acetamide (DEA). 
The most preferred amide is N,N-dunethyi 
acetamide. . nn . , 

Preferably 0.001% by weight to 80% by 
weisht of the topically active chemical cora- 

40 pound is solubilized in from 99.999% by 
weight to 20% by weisht of a pharmaceutic- 
ally acceptable vehicle. The pharraaceutic- 
ally acceptable vehicle may comprise the 
amide alone but will preferably contain 25% 

45 to 95% amide. The skin is contacted with 
the composition for about 15 seconds. 

The accompanying drawing is presented 
to facilitate an understanding of the inven- 
tion. The drawing is a diagrammatic illus- 

50 tration of a cross sectional view of the 
anatomy of epidermis, highly magnified. 
The stratum corneum (A) is the outer di- 
vision of the epidermis composed of dead 
eoithelial cells and referred to generally 

55 hereinafter as the horny layer. All the 
barrier properties of the skin, i.C resistance 
to penetration, exist in the cellular layer 
identified as A in the drawing. 



Once a chemical substance passes through 
tie horny layer of the epidermis absorp- 6U 
ton or penetration through the remaining 
Sratum |ranulosum (B), ^atum malpighn 
(Q and stratum germinativum (E» on into 
to first connective tissue beneath the 
epLrrm^thede^ 65 
bodv is Dractically qiiantitatrve. Below the 
ceUular fayer identified as A there is very 
Resistance to penetration or absorption. 
Thus the term percutaneous ab^orpbon 
rneans that a substance passes from the top 70 
of the skin through the horny layer of Ac 
epidermis, area A of the drawing, m o to 
ofnular epidermis and from there into to 
corium or dermis. Once to substance has 
penetrated through the horny layer Jh* the* 75 
constitutes percutaneous absorption for me 
puSs of P this invention. T& passage of 
the^ubstance on into the corium and into 
the systemic circulation is ^nsOmd^^ 
the effect or continuing result of percutane- 80 
ous absorption. Absorption mto the horny 
layer alone with no immediate further ab- 
sorption or penetration deeper mto the epi- 
dermis is not considered to be ^cuteneous 
absorption but is referred to rather as reten- 85 

t,C The term retention, then, refers to absorp- 
tion of substances into the horny layer alone 
without further continuous passage mto the 
layers identified as B. C D and beyond 90 
Thus the horny layer i presents ia depot or 
reservoir for a topically apphed sutoance 
It should be understood, of course, tot 
over a period of time, there may be a slow 
rate of absorption of to substance origin- 95 
ally retained in the horny layer so that 
nehher the concept of percutaneous absorp- 
tion nor retention and reservoir build up 
is absolute but a* > interrelated .relative i^erms 
used to describe the process of skin penetra- 100 
tion. 

In nature when a penetratable substance 
is applied to the skin, an extremely i smafl 
percentage of the substance is absorbed into 
to homy layer and retained there. An 105 
even smaller percentage of the substance 
absorbed into the horny layer pases toough 
the horny layer into the layers identified as 
B C and D and thence on into the systemic 
circulation of the human. Thus, there is 110 
both natural retention and percutaneous 
absorption. 

The invention provides for a surprising 
increase in to rate of perciitoeous absorp- 
tion and retention and in the amount of 115 
penetratable substance actually absorbed. 

The substances referred to herein as 
stable, topically active chemical compounds 
are beneficial chemical substances which can 
be applied topically to the skin for to pur- 120 
nose of medicating surface or subsurface 
diseases or systemic disturbances or creat- 
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ing skin conditions helpful in alleviating 
harmful or annoying external factors. 

These topically active chemical com- 
pounds are stable when solubilized in the 
5 class of amides set forth above. This does 
not mean that these compounds must have 
long periods or shelf life, when incorpor- 
ated m the application medium, as is gener- 
ally understood concerning stability in the 

10 pharmaceutical industry. ^Rather for the 
purposes of this specification by stability is 
meant that the compounds will not react 
readily or otherwise become unstable with- 
in the short time period necessary to soln- 

15 bilize the compounds in the lower alkyl 
amide preparations and apply the prepara- 
tions to the skin. 

By the term solubilized is mean that the 
stable topically active compounds of this 

20 invention must have the ability to be dis- 
solved or held in suspension by normal mix- 
ing or shaking operations in the operable 
class of amides set forth above, to the extent 
of about 0.001% by weight of stable, topic- 

25 ally active compound in the amide. 

Generally speaking many chemicals are 
useful in treating surface and subsurface 
conditions by topical application and can 
be made more effective if both their per- 

30 cutaneous absorption and retention rates are 
increased such that greater concentrations 
of the chemical win penetrate through the 
horny layer and also be retained in the 
horny layer. 

35 Antimicrobial agents, anti-acne agents, 
antiseborrheic agents, antipsoriatic agents, 
anticholinergics, anti-inflammatory agents, 
antimetabolites, sex hormones, emollients, 
derivatives, extracts and components of 

40 crude coal tar and sunscreens are examples 
of classes of beneficial chemical compounds 
which because of the manner in which they 
are used in topical application exhibit en- 
hanced results or activity due to increases 

45 in the amount of substance and the rate at 
which the substance is percutaneously ab- 
sorbed or retained. 

Anti -inflammatory agents such as tri- 
amcinolone acetonide, fluocinolone aceto- 

50 nide, betamethasone valerate and hydro- 
cortisone are stable, topically active com- 
pounds which exhibit the required charac- 
teristics and are rendered more effective in 
treating inflammatory disorders of the skin 

55 and subsurface areas of the body by in- 
creasing their percutaneous absorption and 
retention. The process of the invention 
renders these compounds five to fifteen times 
more penetratable and since greater amounts 

60 of the steroids are available at the in- 
flammed areas, vasoconstriction of the blood 
vessels is greater with accompanying reduc- 
tion in swelling and less entrance of lymph 
and white blood cells into the affected area. 

65 Anticholinergic drugs when introduced 



into the skin are capable of inhibiting 
sweating. Thus they have been found effec- 
tive in the control of miliaria rubra (prickly 
heat). Actually, ordinary topical applica- 
tions of these drugs alone or in vehicles 70 
other than those utilized in the instant inven- 
tion process will give certain small amount 
of axillary sweat inhibition which is not 
generally satisfactory Experimental data 
shows that l-methyl-3-pyrrolidyl of-phenyi- 75 
cyclohexane-glycolate methobromide (other- 
wise known as hexopyronium bromide) was 
compatible with the amides utilized in this 
process and showed greatly increased sweat 
inhibition when applied in accordance there- 80 
with. 

Antimetabolites which have been shown 
to cause clearing in psoriatic lesions and 
have utility in tumor therapy, for example, 
5-fluorouracil. 4-amino-n 10 -methylpteroyl- 85 
glutamic acid and 6-mercaptopurine have 
been found to be compatible with the amides 
of the process and show vastly increased 
percutaneous absorption and retention when 
applied to skin according to the teachings 90 
of this invention. 

In clinical applications antimicrobial 
agents such as antiparasitic antibacterial, 
antifungal, antiviral and antirickettsial agents 
have been shown to exhibit increased per- 95 
cutaneous absorption and retention when 
used in the present process. Erythromycin; 
2.2 1 -metbylenebis (3,4.6-trichlorophenol); 
3,4*,5-trforomosatic^lanilide; 3,4,4Mrichloro- 
carbanilide; nystatin; undecylenic acid; 100 
sulfur; salicylic acid; parachlorometaxylenol; 
^-(^-thiazolylj-benzimidazole; iodine and 
iodine compounds, as iodochlorhydroxyquin, 
5-iodo-2 1 -deoxyuridine are some of the ex- 
amples of the antimicrobial agents. They 105 
exhibit an outstanding example of the utility 
of this invention, particularly regarding the 
retention factor. When these antimicrobial 
agents are retained on the skin in greater 
concentrations, they build up a continuing, 110 
long-lasting resistance to microbes and keep 
the microbial population at minimal levels 
so as to speed healing and prevent renewed 
infection or attack. 

A series of at least 9 different experiments H5 
were performed to measure the retention of 
hexachlorophene in the stratum corneum or 
horny layer. The experiments involved the 
application of hexachlorophene from suspen- 
sions and solutions of hexachlorophene in 120 
"pHisoHex" (a suspension of 3% hexa- 
chlorophene produced by Wintrhop Labora- 
tories, N.Y., N.Y.), DMA and DEA to the 
forearms, palms and backs of hands. The 
preparations were allowed to remain in con- 125 
tact with the skin for periods of time, vary- 
ing from 15 seconds to as long as 20 minutes 
before the area was washed. Measurements 
were conducted at specified intervals of time 
and the areas were washed with soap and 130 
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water in a consistent fashion for each of the 
comparisons that were made. In every 
comparison the preparations applied which 
were in accordance with the invention 
5 showed enhanced retention over the corre- 
sponding preparation which did not utilize 
Ine arnMes of this invention. The lowes 
degree of enhancement achieved was about 
a 5-fold increase in retention while enhanced 

10 results showing as high as about a 110-fold 
increase in retention were observed, fcimnar 
results have been shown for tnchloro- 
<alicylanilide. Iodine when applied in a 
composition according to the invention also 

15 shows increased retention and therefore ex- 
hibits the beneficial effects discussed above. 
The same is true of special anti-acne and 
antiseborreic preparations particularly those 
containing sulfur as the major pharraacentic- 

20 ally active compound. Sulfur gives in- 
creased retention when present in a com- 
position according to the invention aud 
therefore greater and longer lasting concen- 
trations of this substance can be maintained 

25 in the affected areas of the skin. 

Emollient preparations in accordance with 
the invention, such as for example, lanolin 
and lanolin alcohols and their ethoxylated 
and/or acetylated products; glycerol, glycols 

30 and their derivatives; fatty acids, their esters, 
their alcohols and their derivatives, show 
increased percutaneous absorption and in- 
creased retention resulting in improved 
softening and moisturizing effects. 

35 Sex hormones also show increased per- 
cutaneous absorption and retention when 
applied in accordance with the invention. 
Androgens, estrogens and progestogens are 
examples of such hormones. Testosterone 

40 has recently been shown to stimulate the 
growth of scalp hair. Thus increasing the 
amount of testosterone which penetrates to 
the hair follicle root and maintammg its 
reservoir there will further increase hair 

45 follicle activity. 

Estrogens have long been used in a wide 
variety of beautifying preparations. Thus 
the invention makes possible the percutane- 
ous absorption and retention of larger quan- 

50 tities of these beautifying chemical com- 
pounds. 

It has also been found that the retention 
of sunscreens can be increased when incor- 
porated in preparations in accordance with 

55 the invention. The utility of this invention 
for application of sunscreens is immediately 
obvious since it is now possible for the sun- 
screen to be retained in the horny layer of 
the skin for long periods of time despite fre- 

60 quent bathing, sweating or rubbing of cloth- 
ing over the area to be protected from the 
harmful rays of the sun. Some examples of 
such sunscreens are para-aminobenzoic acid, 
amyl p-dimethylaminoben2oate, salicylic 



acid, cinnamic acid and benzophenones and 65 
their derivatives. , ... 

Various products of crude coal tar which 
are used in the treatment of eczema, psoriasis 
and seborrheic dermatitis, such as 
"BALNETAR", an extract of crude coal 7U 
tar and "SEBUTONE", a cleanser product 
containing sulfur, salicylic acid, hexachloro- 
nhene and crude coal tar extract both, pro- 
duced by the Foster-Milburn Company, have 
been applied in preparations in accordance n 
with the invention have been shown to have 
enhanced retention in the horny layer. 

The beneficial photodynamic action of 
various chemical substances such as various 
derivatives, extracts components and pro- . w 
ducts of crude coal tar for example in treat- 
ment of psoriasis by the Goeckerman 
regimen or ltt modifications, is also enhanced 
when such substances are applied in com* 
positions in accordance with the invention, w 

Another outstanding application of the 
present invention is in patch testing. This 
is one of the most widely used and amplest 
of methods for testing the skin to determine 
and identify sensitization and/or irritation >u 
potential to various substances. It is par- 
ticularly useful in eruptions of contact 
dermatitis (dermatitis venenata) caused by 
plants, industrial chemicals, medicines, 
cosmetics, food and household articles. m 

The patch test consists of the application 
to uninjured skin, contiguous to the in- 
volved area, of substances suspected to be 
causes of the sensitivity and /or the irritation 
reaction. This is done by saturating a small *w 
piece of gauze with one of these substances 
in a concentration that will not cause irrita- 
tion in the average person. It is covered by 
a piece of impermeable protective material 
such as cellophane and then applied to the IUj 
skin by adhesive plaster. Ready-made 
patches are available. The patches are 
usually allowed to remain in place forty- 
eight hours (unless there is pronounced 
irritation). It may be two or three days lw 
later before a positive reaction shows, so it 
is important to watch for delayed reactions. 

There are many drawbacks in this method 
of testine. For example, the gauze and the 
tape holding it must remain in place for a 115 
protracted period. This is uncomfortable 
and inconvenient There may even be a re- 
action of the tape. , 

Using the compositions of this invention, 
a suspected chemical may be applied to the 120 
skin, left untouched for about five minutes 
and the subiect allowed to go on his way 
without gauze pads. He may even bathe 
normally and put clothing over the area of 
application. 

Thus a process is provided by which sus- 
pected substances such as poison ivy, 
potassium dichromate, phenylene diamine, 
azo dyes, various antioxidants, epoxy resins 



16 



1.158,283 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



Thus it can bs seen that antibiotic acti- 
vity was retained consistently longer when 
the germicide or antibiotic was applied ac- 
cording to the present process* 

Chloromycetin and oleandomycin were 
also retained well when applied m DMA 
and maintained good bacterial antibiotic 
activity in the horny layer for over 24 
hours after a 10 minute application fol- 
lowed by a washing. 

Preparations of 0.01-O.02 cc. of 2% 
tetracycline in pure DMA, and distilled 
water were applied to whole ski* , samples 
in vitro and incubated at about 37 C.. at 
about 50% relative humidity for 20 hours 
The epidermis was carefully removed and 
punch biopsies were taken. These punch 
biopsies were implanted on blood agar 
plates innoculated with alpha streptococcus 
and staphylococcus dbus both of which 
were sensitive to tetracycline by the oisc 
method. Many such experiment were 
done. About 50% of the time the skm 
treated with DMA and tetracycline would 
show some inhibition of growth. The water 
and tetracycline railed to .show nmibiUon at 
any timef Erythromycin. dimetbylcUor- 
tetracycline, icdc>cMorhydroquin and chlor- 
amphenicol all show enhanced actmty when 
applied in accordance with the instant pro- 
cess. 

Despite attempts to insure complete uni- 
formity it must be recognized and under- 
stood that the exact qualities and character- 
istics of skin vary somewhat from subject to 
subject. Therefore, it may be impossible to 
exactly duplicate the quantitative results 
achieved in some of the above experiments. 
However, given similar samples of skin tne 
same ratios of percutaneous absorption and 
retention should be observed between the 
various preparations applied in accordance 
with the teachings of the specification. 

The most preferred amide for utilization 
in the compositions of the invention is N£- 
dimethylacetamide (DMA), a liquid of the 
formula^ CH 5 COK (CH a ) 2 , haying a bofliug 
point of 165.5°C. and a specific gravity of 
0943 It is miscible with water and fixed 
oils in all proportions. This substance has 
been shown by the prior art to be com- 
pletely acceptable for topical or parenteral 
application. At high concentrations some 
subjects have experienced transient eryth- 
ema (very slighdy burning sensation) for 
4—5 minutes after application of J«g»»»- 
tions containing very high levels of DMA. 
However, no lasting effects or discomfort 
were noted. ^ . , 

NJ*-dimelhylformamide (DMF) is also a 
preferred amide for use in the compositions 
of the invention. However, due to its rela- 
tively hiaher toxicity which has been re- 
ported for experimental animals, this sub- 
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stance should be studied regarding human 
toxicitv and used with caution. 

The - amides used in the compositions of 
this invention may be used alone, in com- 
toation with the stable, topically active 
compounds or with other additional phar- 70 
macenticaHy acceptable surface active 
agents, emulsifiers. solvents, vehicles or 
other pharmaceutical acceptable bases. 
For example, the amides are c^patible in 
-aU proportions with the following solvent 75 
or vehicles; water, isopropanol etbanol and 
fatty acid esters to name a few widely usea 

^Ks been shown that the relationship 
between percutaneous absorption and reten- 
tion for any given compound and the ^ per- 
centage, af amide in the preDaration is ap- 
proximately directly proportional, l .e., tne 
more amide utilized the greater the degree 
of percutaneous absorption and retention. 
Thus the only limitations upon the ratio or 
components in any given preparation are 
dictated by practical considerations. 

One can, of course, use preparations con- 
taining 100% amide. However, since there 
is a cSVtam leveling effect at the upper con- 
centration of amide used and since one 
should have, an appreciable amount or 
stable,. topically active chemical component 
present for treatment purposes, rt can be 
said that it is preferable to utilize from 25% 
to 95% amide in tie composition and pro- 
cess of- this invention. Due to the enhanced 
rates of- absorption and retention prepara- 
tions containing as much as about 99.999% 
amide and only 0.001% stable, topically ac- 
tive compounds can be applied with bene- 
ficial results. 

The. effect of the present invention upon 
the rate of percutaneous absorption or re- 
tention takes place almost immediately upon 
application of the preparation to the skm. 
Thus it can be said that any contact with 
the skin utHizing the compositions of the 
invention shows enhanced results over con- 
tact for the same period of tune by the 
chemical compound alone or in composi- 
tions not utilizing the amides which are pre- 
sent in the compositions of the .invention. 

Application of the stabb, topically active 113 
chemical compound to the skin in a com- 
position in accordance with the mstant in- 
vention for a period of about five minutes 
gives the optimum retention in relation to 
the length of contacting time. Longer con- uv 
tacting periods while giving somewhat 
greater total retention concentration or 
more percutaneously absorbed substance are 
insignificant in relation to the total amount 
absorbed or retained within the optimum 125 
time period of about 5 minutes. 

WHAT WE CLAIM IS: — 

1. A process for producing a composi- 
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tjon to be applied to the skin and having 
increased percutaneous absorption through 
and retention in skin as hereinbefore defined 
which comprises solubilizing a stable, topic- 
ally active beneficial chemical compound as 
hereinbefore defined in a pharmaceutically 
acceptable vehicle having as one compon- 
ent an amide having the structural formula: 

O 

II R 2 
R 1 — C — N< 
R* 

wherein R 1 is a hydrogen or methyl radical 
R is a hydrogen or alkyl radical contain- 
ing not more than 2 carbon atoms; and R» 
is an alkyl radical containing not more than 
2 carbon atoms. 

2. A process according to claim 1, in 
which the amide is N.N-dimethyl acetamrde: 
N,N-dimethyl formamide or N,N-diethyl 
acetamide. 

3. A process according to any one of 
the preceding claims, in which from 0001% 
by wekbt to 80% by weight of the stable, 
topically active beneficial chemical com- 
pound is solubilized in from 99.999% by 
weight to 20% by weight of the pharmaceu- 
tically acceptable vehicle. 

4. A composition to be applied to the 
skin and having increased percutaneous ab- 
sorption through and retention in skin com- 
prising a stable, topically active chemical 
compound which is an anti-acne agent, an 
antunflamraatory agent, an anticholinergic 
an emollient, a sex hormone, crude coal 
tar, an antipsoriatic agent or an antimeta- 



bolite, solubilized in a phannaceutically ac- 
septable vehicle having as one component 
an amide having the structural formula: 



R* 

-N< 
R 3 

wherein R 3 is a hydrogen or methyl radical, 
R is a hydrogen or alkyl radical contain- 
ing not more than 2 carbon atoms; and R a 
is an alkyl radical containing not more than 
2 carbon atoms. 

5. A composition according to claim 4 
in which the topically active chemical com- 
pound is anthracene. 

6. A composition according to claim 4 
m which the topically active chemical com- 
pound is sulfur. 

7. A composition according to claim 4 
in which the topically active chemical com- 
pound is glycerol. 

. . ? * A: composition according to claim 4 
m wMch topicMty 
; ;;pouftd^iS ^t^sterdne; } ' 
-^ 9;^ A: jjOTocess for producing a composi- 
tion to be applied to the skin according to 
claim 1 substantially as hereinbefore des- 
cribed with reference to the Examples, 

10. A composition to be applied to the 
skin according to claim 4 substantially as 
hereinbefore described with reference to the 
Examples. 

STEVENS, LANGNER, PARRY & 
ROLUNSON. 
Chartered Patent Agents, 
A^nts for the Applicants. 
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